Objective: The purpose of this report was to describe the presentation of a patient with hereditary multiple exostoses and thoracic spinal cord compression from an osteochondroma. Clinical Features: A 31-year-old female presented to a chiropractic clinic with a history of hereditary multiple exostoses and back pain that had existed since the age of 16 years. She had a past medical history that was remarkable for 3 prior surgeries for mass removal. Examination revealed a left upper midscapular mass with decreased sensation. Intervention/Outcome: Magnetic resonance imaging, computed tomography, and biopsy led to a diagnosis of osteochondroma. These diagnostic modalities confirmed that there was no malignant degeneration. Initial magnetic resonance imaging revealed a large expansive lesion involving the left posterior elements at the region of T3-T4. Subsequent thoracic hemilaminectomy and resection of the spinal tumor with posterior instrumentation and stabilization from T2-T5 resulted in 90% overall subjective improvement. Conclusions: A detailed case history, thorough examination, guided advanced imaging, and biopsy provide important information for the diagnosis and appropriate treatment of expansive lesions in patients with hereditary multiple exostoses. (J Chiropr Med 2017;16:72-77) 
INTRODUCTION
Many osteochondromas are asymptomatic; however, complications can involve bone, nerve, and soft tissues via mass effect or intrinsic change [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] (Fig 1) . Osteochondromas (osteocartilagenous exostoses) represent most of the primary benign bone tumors. 7, [11] [12] [13] Osteochondromas are common in the appendicular skeleton. Sixty-five percent of these tumors are located around the knee and proximal humerus and 20% arise in the axial skeleton, and of these, approximately 5% occur in the vertebral column. 1, [14] [15] [16] Solitary osteochondromas develop in isolated bones and are not hereditary, whereas multiple osteochondromas can occur spontaneously or as part of an autosomal dominant disorder known as hereditary multiple exostosis (HME). 10 Both genders can be affected equally, but there is a slight male predominance. 17, 18 The incidence of HME is approximately 1 in 50 000 live births. 3, 13, 19, 20 This case describes the presentation, management, and outcome for a patient with a past history of HME presenting with back pain as the result of thoracic spine osteochondroma.
CASE REPORT
A 31-year-old white woman with known HME presented with thoracic pain that had worsened over the past few years. Phenotypical appearance was consistent with HME. Pain had been present since the age of 16 years. Spinal imaging (spiral computed tomography [CT]) had been performed 6 years earlier, but no clinical treatment had been provided (Fig 2) . Pain was the chief complaint, with a secondary tingling sensation in the left upper midscapular region. Past medical history was remarkable for previous surgical intervention for mass removal: right ankle at the ages of 8 and 16 years and the left ankle, fibula, and right wrist at the age of 21 years. The patient was also being treated for fibromyalgia and bipolar disorder. Her current medications included carbamazepine (Tegretol).
Examination revealed a large, non-edematous, immobile, and tender left upper midscapular mass at T2-T6. There were decreased pinprick and light touch sensations in the T6 dermatome distribution on the left side. The patient also had hard, nonmobile, and nontender masses in the proximal aspect of the tibia in both legs. The second toe of her left foot was observed to be short. The remainder of the neurologic examination was essentially normal, with the exception of depressed patellar and Achilles reflexes. There was no evidence of myelopathy.
Noncontrast magnetic resonance imaging (MRI) of the thoracic spine revealed a large lesion involving the left posterior elements of T3-T5 (Fig 3) . The mass extended inferiorly involving the left posterior elements at the T4 and T5 levels. There was associated mild to moderate stenosis The patient subsequently underwent a thoracic hemilaminectomy and resection of the spinal tumor with posterior instrumentation and stabilization of T2-T5. Postoperative pain required the use of opioids, which were continued for approximately 3 months after the surgery. The patient subsequently underwent 6 months of physical therapy, which resulted in an overall subjective improvement of 90%.
Postoperative thoracic pain returned after 2 years, prompting further imaging to rule out an enlarging cartilaginous cap. Repeat CT and MRI were unremarkable for any recurrent enhancing tumor (Fig 4) . The patient responded favorably to a brief course of physical therapy and was discharged from active care.
DISCUSSION
This case illustrates a case of a 31-year-old woman with back pain secondary to a large osteochondroma in the upper thoracic spine. Spinal involvement of osteochondromas is rare and most often occur in the posterior elements of the cervical (50%) and upper thoracic vertebra: T8 and T4, respectively. 11, 21 Although the exact mechanism behind osteochondromas is not fully understood, spinal involvement typically occurs in the neural arch where the secondary ossification centers reside. 22 Spinal lesions can lead to neurologic compromise, including medullary compression and encroachment on peripheral nerves. 13 In this case, the patient showed no neurologic deficit other than unilateral decreased sensation in the left upper thoracic dermatomes at T2-T6. There was no evidence of myelopathy in spite of a rather large-sized tumor causing cord compression. This sessile mass led to encroachment of the posterior lateral aspect of the spinal canal and foramen at the levels of T3 and T4. Musculoskeletal differential considerations included thoracic radiculopathy and intercostal neuralgia. Pain, not aesthetics, was the primary reason for this patient's initial presentation to our clinic. The paucity of neurologic findings may explain the patient's delay in seeking follow-up care. The patient's past family history and personal medical history supported phenotypical expression of HME. Since osteochondromas are typically benign and reach maturity in childhood, progressive pain in an adult with HME is worrisome. 3, 5, 7, 23 Examination findings of a large, tender, nonmobile thoracic mass necessitate further evaluation to rule out an enlarging cartilaginous cap and malignant transformation. 13, 24, 25 Single osteochondroma has been described as a benign neoplasm, whereas hereditary multiple osteochondromas have been described as hereditary neoplastic syndrome. 18, 24 However, exostoses are generally considered developmental lesions, secondary to separation of part of the epiphyseal growth plate cartilage that migrates through the periosteum surrounding the growth plate. 5, 22, 26, 27 Hereditary multiple exostoses has also been called diaphyseal aclasis, multiple hereditary exostoses, and multiple osteochondromatoses. 12, 18, 28, 29 Mutations of the genes exostosin-1 (EXT1) (8q23-q24) and exostosin-2 (EXT2) (11p11-p12) have associations with HME and malignant degeneration. 4, 5, 26, 28, 30 The EXT genes regulate chondrocyte maturation and differentiation. 31 The majority of osteochondromas are found in long bones and the appendicular skeleton; however, they can be found in any bone formed through endochondral ossification. 1 
, 8 , 2 4 Small lesions may remain asymptomatic.
Many complications can occur from solitary and multiple osteochondromas. In this case, the patient exhibited slight bowing of the right lower extremity and range-of-motion limitations with forearm supination secondary to mass effect. Conservative management can be challenging and requires skilled and accurate vascular, neurologic, and biomechanical evaluation of the spine and extremities. Complications are found more often in patients with multiple lesions than in those with a solitary osteochondroma. 2, 3 Solitary osteochondromas are found in the spine 1% to 4% of the time, whereas spinal occurrence is seen in 7% to 9% of patients with HME. 9 Patients with vertebral osteochondromas associated with HME present with spinal cord compression 96% of the time. 21 When considering the differential diagnosis, age is one of the most important factors. Diagnostic possibilities in a child are different from those in an adult. Lesions almost exclusively seen in children or young adults are nonossified fibroma, unicameral bone cyst, aneurysmal bone cyst, osteosarcoma, or Ewing sarcoma. 13 In patients over 40 years of age, multiple myeloma and metastatic lesions are the most common malignant bone tumors. 13 Differential considerations for HME include solitary osteochondroma, multiple enchondromatosis, osteoblastoma, aneurysmal bone cyst, and chondrosarcoma. 11, 18, 32 Although there is no consensus with regard to the definition of the critical path to diagnosis, it is generally agreed that a skeletal survey should be performed once the affected individual reaches skeletal maturity. The survey is used for subsequent comparison should concerns arise. 6, 23, 24 Plain film radiography is followed by nuclear imaging. 23 If there are worrisome features, ultrasonography, with or without contrast-enhanced CT and MRI, is useful for obtaining fine anatomical details, preoperative planning, and elucidation of the cartilaginous cap. 24, 25 After making the diagnosis of osteochondroma, characteristics that distinguish benign lesions from malignant lesions must be sought. The path toward the final diagnosis is heavily dependent on advanced imaging and biopsy examinations; the latter may be avoided by using ultrasonography or contrast-enhanced MRI, depending on the location and morphology of the osteochondroma. 33 Malignant transformation to chondrosarcoma occurs in approximately 1% of solitary lesions, and the incidence ranges from 0.5% to 5% for enlarging osteochondromas in those with HME. 14, 25, 34, 35 There is no reliable imaging method to distinguish between a low-grade chondrosarcoma and a benign cartilaginous tumor. 3 Because of the complexity of the thoracic lesion in this case, CT, MRI, and CT-guided biopsy were the diagnostic tests of choice.
Malignant transformation is almost invariably caused by chondrosarcoma arising in the cartilage cap of the lesion.
14, 35 The size of the cartilaginous cap is used to determine the likelihood of malignant transformation. Size can be established with ultrasonography (if the lesion is superficial) or contrast-enhanced CT and MRI to differentiate bursa formation from the actual cartilaginous cap. Cartilaginous caps greater than 1 cm should be considered suspicious. 3, 23, 28 In the present case, repeat CT and MRI were performed 2 years after the initial surgery because of the return of thoracic symptoms. There was no enhancing tumor (growing cartilaginous cap) at the site of repair. The symptoms were more likely related to thoracic neuromuscular perturbation, since the patient responded appropriately to a brief course of physical therapy.
Treatment of the spinal lesion in this case involved thoracic decompression and removal of the tumor followed by 5-level stabilization. Surgical excision with fusion resulted in a 90% reduction of pain. Surgery is the treatment of choice when there are neurologic complications other than pain. 2, 28 Although the midscapular mass was palpable in this patient, lesions may be obscured by obesity or may reside in regions of the skeleton that are difficult to palpate. Because adolescent and adult obesity has increased rapidly in the United States and most osteochondromas are diagnosed by the age of 12 years, lesions in adults may go unnoticed. This raises 2 important points: First, adolescents with a positive family history of HME may benefit from instruction on body awareness and self-education as a method of following disease progression. Second, musculoskeletal specialists, including chiropractic physicians, may play a role in defining a more proactive strategy to educate affected individuals and monitoring them on a serial basis. At least in theory, this may lead to earlier intervention and overall decreased morbidity, particularly in the case of compressive spinal lesions. 36 
Limitations
This is a single retrospective description of a patient presentation. The findings of this case may not necessarily represent other patients with similar diagnoses.
CONCLUSIONS
Although this case depicted a rare spinal lesion, clinicians should recognize the symptoms associated with malignant transformation of a benign osseous tumor. Osteochondromas can affect neurovascular and other soft tissues as well as bone and joint function. This makes serial orthopedic and neurologic evaluations important for treatment planning and surgical decision making.
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